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| NVENTI ON The present invention relates generally to integrated

sem conduwwDmB/0gieBLUits, and relates nore particul arly toPan/us@/evepl i ng
circuit. CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s application clains
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today's operations of int GW??HP%d ?Hﬂ?ﬁ;mﬁ'tﬂﬁc%ﬁ?ed signal s have a
0 In

crucial role as a nedium ransm ormation. Cenerally, the high
speed signals being used in an IC device are not pure AC waveforns, they
have a DC conponent, creating a DC offset, so that the average of the high
speed signal is not zero. O WTWNQ}I%IS bet ween one IC and

anot her ther Th%\i%lile%erﬂ?n\%tnﬁjéﬁ [HE0EE DR 5 Ge b a8 Wkt GULiRY, Gla by T he

transmtting and excepte e receiving chip. In this
case it rdlged@orgmatiguldrty tolanckC cheplin@Cidceitel bet ween one chip and the ot her
chip using AC coupling. FIG 3 is a schematic diagramof a typical AC
coupling circuit for an IC of the prior art. It is a high pass filter,

constructed usi ng ¢3a9§t RUFERERTE TOSRELATIED APPSICATRONS frequency of
the AC coupling circuit 1s given by: 1 f 2)rRC where R and C are the

resi stance afitisepphcitioantimy atiosty widerd5 HEE 109(e)fd 9p&hited Stajes Rravisignel

prior art ex le, valu of WO E used. The 50 ohm
resista Et@ntf‘g?%ﬁfﬁ?%ge ﬁi\?eﬁoé85§5g]gz WCQP%’ 2@% the transmnission |ine
external to the chip. Then, the capacitance value can be chosen to provide
the desired cutoff frequency. For this exanple, the cutoff frequency is

approxi mately 159 KHz. This AC cRHpCKGRE it of the prior art creates a
OO < Bl bR o FBUPL s bl ARG B APTLGA B,

medium to transmit information. Generally, the high speed signals being used in an IC

device are not pure AC waveforms, they have a DC component, creating a DC offset, so that

the average of the high speed signal is not zero. Often when sending signals between one IC

and another there will be a difference between the DC level outputted by the transmitting

chip and the DC level excepted by the receiving chip. In this case it is necessary to block the

DC level between one chip and the other chip using AC coupling.

FIG. 3 is a schematic diagram of a typical AC coupling circuit for an IC of the prior
art. Tt is a high pass filter, constructed using capacitor C1 and resistor R1. The cutoff
frequency of the AC coupling circuit is given by:

1
/= 2me
where R and C are the resistance and capacitance values of R1 and C1, respectively. In this
prior art example, values of 50 ohm and 20 nF were used. The 50 ohm resistance for R1 is
chosen to properly terminate the transmission line external to the chip. Then, the capacitance
value can be chosen to provide the desired cutoff frequency. For this example, the cutoff
frequency is approximately 159 KHz.

This AC coupling circuit of the prior art creates a problem because the AC coupling
circuit cannot be fabricated on-chip and be a part of the IC. This is because a 20 nF capacitor
is physically much larger than the transistors normally used in the IC, and fabricating the AC
coupling circuit on-chip would be a waste of valuable space on the semiconductor substrate,

which results in any or such IC being too large physically for its standard application.
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I's physically nuch [arger than the transistors normally used in the I1C and
fabricating the AC coupling circuit on-chip would be a waste of val uable
space on wbe3sgwBronduct or substrate, which results in amgTarsosoeoks | C
being too |large physically for its standard application. WO 03/081639

PCT/ US03/ 08068 Currently, the solution to this problemis to connect the
AC coupCurrgnidy, e salutign ty thig@robiem dsfoesonneqt yhe AG coRRMNg HECUHAY %ﬁ‘ﬁ&&n g

circuit _js_cqgnn : r Ay . t er nal
AC coupFt RS e i Ack Aplig e HpBAERAL G opBHd Rl bo . o
board c=stBpMExte@EPAEXdcuplindhatthe draprbabitsthmtihieghirddPCB sphderapdcanressisve i s
the DC offset in differential anplifier stages. The receiver anplifiers
that webpad castandicPP®IHYi al because differenti al anplifiers have inproved

noi se i muni %oﬁ%??r&ilé}ﬂ i@nsedoapid Edn@ofve it thedddioksin di@tentggner at e

reduced power supplfy sw tching noise conpared to a single ended amplifier.
So t heymplifibr stageat &he essiveoamplifien dhaame Useswe diffsrrapiel bscausedlifigiential A

drawback to _the real world . nmplenentation of differepntial ampl.ifj.ers is
Chat it il hess upyed B CRBRryY ft Shefd s rPBRBRST Ip AMRIbA IRYT
anplifi : bBtd i ] RS adiddleerrdiaalpliden! §6i er
w1 ha énég%ﬁtr%%?%ﬁﬁﬁe%@g%ﬁ?hggt%ﬁogﬁ? t_vvoaar n% M ni r?um size CMOS
di f f er ettidydotlpaieats I¢rsmoiseyanl areless sfscepiible trnaisee or der of 10-15 nV. Proper

| ayout technigyes.can be followed to naximnz t chi . I | st.ors,
but these o g’@f@agﬁ@ tF‘Sr%"h W@i@%n\?% AR O%dﬁergﬂa?%ngélﬁé ?S ﬁjﬁgﬂzgfl?ects
of havi pgssile @ &Rty inhtd@e diffdrantRNbhialin @rRphiplifier ovdipioresy eartuby. A
problematic before the signal is anplified to the point of the maxi num

swi ng adypieat BITalifforential amnlifies Melhhavg updieR-3 11 \epL eksel BetWpR e e AWS1 i fi er
limts). . For a giyv i §: i_al L £ ' bs s S on each
si de of M‘Hgn%?%&%ef ' erd§ s(\ilhh%egﬂ%lr%#@ggé %\{)e c%lj-elg5 IlffgitRé t Be?%ltrdgqtohrg Ilagrr'rpl i fier
limts ohmelayont febieniguas! dahibe foltdveddtowhdximizausschihg of the temnsistood, butibese
anplifier to have different c_?mrqﬂ%grmde vol tages. Their common nodes w | |
cone cl ofbetsdbgta precessvapaian WSS Stapart depending on the offset of the

anplificati Opl‘h%f[e?ﬂgtg;o@ﬁ%\éiﬁg\éﬁok ittin GONAFHERLOMNHNpli A4 bhfin GRChIFPRbERgGR W | |

i ncrease the sw ng I gna FIG 1A 1s an AC signal betfore offset.
FI G 1Bbefort e ssgrphil anafltfesd to tHesetintanfdhempkinfune swingrachitkiablpbplicem sets in
when t h%it%iarglt%rl %mmpili?iler s?cla en \Jflﬁen . eE ngflffiéﬁ{rr%?st) %8%&/6%%?61‘61’11:&1 amplifier this
is when the swing on each side of the amplifier swings from Vcc to Vee-(Ic*Rc). Before the
amplifier limits offset in the amplifier chain will cause the two arms of the amplifier to have
different common mode voltages. Their common modes will come closer together or move
further apart depending on the offset of the amplification stage they have just gone through,
while each amp stage will increase the swing of the signals. FIG. 1A is an AC signal before
offset. FIG. 1B is the signal after offset and amplification.
The problem sets in when the differential signals with different common mode
voltage levels cause an amplifier stage to limit. The limiting amplifier will switch when the
offset input signals cross each other. This will result in the amplifier switching either sooner
or later than it should, and results in duty cycle distortion of the output signal. See FIG. 1C.
Duty cycle distortion makes it more difficult for a Clock/Data Recovery (CDR) circuit to
accurately capture an input signal. So duty cycle distortion has the effect of increasing the
BER (bit error rate) of the amplifier chain.

Differential amplifier chains with sub-limiting signal swings will be more affected by

offset the earlier in the chain that the offset occurs.
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voltage | evels cause an anplifier stage to limt. The limting anplifier
will switch when the offset input signals cross each other. This wll
result irwoOha/oswspd i fier switching either sooner or | ater PChArsos/o80shoul d,
and results in duty cycle distortion of the output signal. See FIG 1C
Duty cycle distortion nakes it nore difficult for_a O ock/Data Recovery

(CDR) ci rcui tTeglniquasda elimanaje thegiigeieotdhe pifgsihin e giifiprentty] agplifier chaipwill

di stortigQn. has t. ef f-e | ' ; [ e
arpt 11 LRV (RMRRIPHIRE by Sicrd AELRP LMk D, S5EhclldohBlaBt o (i b
swW ngs Wigtllneb®clvor.e af fected by offset the earlier in the chain that the
of fset occurs. oL WO 03/081639 PCT/ US03/.08068 Techni ques to e|].im nate the
of foct of t hahsmRasEiraBNHOaH] FREPEFRTSANGHI e plreldhaehainiy 1o GEGHY t he
desi r abl | | 18 1REER ns§é/fg ki r

doi ng tﬁ?gnﬁgésg%%)gﬁa‘?ﬁfeﬁd& %g%dg%lg&rﬁte&a??sdtﬁ 1glttral g%t Or%tbaﬁa\%gé}@g %gt(r)frogcti ng
f or the aafplifietl by theechzhalimits.sFIG Adshoestshigh a cioerpe ibeo EETe 210 had 224 fadie at

by ¢ he R heNioheS of et e RO ek T e Coelh tBerdevists CH B8 can
be ti egﬁlﬁteaiv&}ﬁﬁﬁoﬁﬁiﬁg gtfthe bepdt ﬁi@&rﬁmzﬁoaéfltﬁér hpfifi&! chaithews felutgddr ough

t hese d ces can then"be adjusted while |ooking at the output 230 and 240
of the ahupléycices thtehain bioarest136%olie gutrentdattipngdy dled ¥ s is Istorecharidriihe eelone s

N 50%the current setting in the FETs is stored and the output is
corr ect é4%°UEoupl i ng of the anplifier chain will also elininate the

effect of of fgetolhlinghtt tiid ABEISHer@haiRAETIGINRY dlimifkie CRLETFICO BT Sffset ALk etigehe DC
val ue of the signal before the AC coupling fromthe DC val ue of the signal

ﬁf ter t roéthn@l?bu pAC eguplingrlegequptes dig P& vatiegdhe sighad dstore dhendh cRBRIEIS al ues
ave str . ' .
mode vat sl Vi SRR afdnt Actapfhe Mo AtplcRif i R COTTOn

the AC copidn mede FdlgesMave stuped fopm b€ hdotharydub ay effedt el tbeireset the samd car e

must be taken to AC couple at the_right points in the chain for the signal
| evel s eEERoBAds wirariigihanl cyplng oy dRbeminerobithe Higsing schemp aﬁ%rstnﬁéé

renoved 'cot?ﬁ%%e%d%ﬁpﬂﬂ%%n% have offset in it, and care must be taken to AC couple

at the right points in the chain for the signal levels under consideration and to not insert more

offset than has been removed.

SUMMARY OF THE INVENTION

We solve the problems described above with an AC coupling circuit that is small
enough so that one or more such circuits can be economically fabricated on-chip.

An aspect of the invention involves an alternating current coupling circuit within an
integrated circuit. The circuit has a chip comprising a filter that filters out a direct current
component in an alternating current (AC) signal, a matching resistor, connected to the input
of the filter, that controls an input impedance of the coupling circuit, and a current amplifier,
connected to the output of the filter that amplifies a current associated with the AC signal.

The advantages and features described herein are a few of the many advantages and
features available from representative embodiments and are presented only to assist in
understanding the invention. It should be understood that they are not to be considered
limitations on the invention as defined by the claims, or limitations on equivalents to the
claims. For instance, some of these advantages are mutually contradictory, in that they cannot
be simultaneously present in a single embodiment. Similarly, some advantages are applicable

to one aspect of the invention, and inapplicable to others. Thus, this summary of features and
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We sol ve the probl ens described above with an AC coupling circuit that is
smal | enough so that one or nore such circuits can be economcally

fabri cat eWoopagtedp. An aspect of the invention involves amCaltuses/osass ng
current coupling circuit within an integrated circuit. The circuit has a

chip comprising a filter that fllters .out direct current in an
al t er natdyrgtases srawld poidye congidgned dispRsitive ity t?régmélﬁé’ﬂ“w@&ﬁ??ecg%gp?’@ t he

i nput t t
R b e R S T

t hat ampflonf thesiraviags, raﬁdtfroasﬁmccilaamed with the AC signal. The advant ages and
features described herein are a few of the many advantages and features
avai l able fromrepresentative enbodi nents and are presented only to assi st
/n understanding the BRYEMDRSCRIPTIONOS PREWRANPERGS that they are nof
to be considered limtations on the invention as defined by the clains, or
limtations MGehMl\(hdlrergt@hsofsllgaalsofdlerpslorEﬁr i nstance, sone of these

advant ages a con radl ct t.he a

si mul taneousﬁ‘@Gg}l ﬁ{h ﬁt‘é REKG 8&:%’5%&%5#‘“ Hfffi ?Qjep%oﬁgﬂadvant ages
are appli cabl@gg, 3 & PRfeREREBTaghin b ATWRIblRNciradiihbithepidd #88h€ t 0 ot hers.
Thus, this summary of features and WO 03/081639 PCT/ US03/ 08068, advant ages
shoul d not b@IGo‘ﬂuﬁ alewhenati¢ dipewim plan exande of o on-ARjD furonlisg cEcuifddi t i onal
features and ant ages of one apparent in the

foll ow ﬁ ﬁ?m ?CCSH]aﬁ%e Wgﬁgﬁvﬁ 1Sr)lresse\{){lt { Sgt?ﬁlom the clains. BRI EF
DESCRI PTI O\I G: THE DRAW NGS FIG 1A- 1C are graphs of signals of the prior
art; FIG 2 is a schematic d:ﬂﬁram of acircuit to elimnate offset of the

prior art; FIG 3 is a schedETAILERGPEMBRIPIAONC coupling circuit of the
prior art; apgs scﬁefnﬁtlé‘d%gmﬁférﬁe)%%ﬂﬂé W&n—?ﬂg%@@m in@fcirflit on- chi p

AC coupling Ci rcw connect e I n accordahce w th the present
i nvent i @ennectId MR EDIOES ERbIARh NV Ghie gresemt mvsnﬁim’rmThecAGicagpling afcuitrhas

| f h C | ' [ d Ci
oo da RSt HRECEeaLut of SUcdiioh.hehis RERBEy b b 2o PPt nd B2 g
pass filkig §5(§’l@ ggfnrféﬁgt%fl Bife GtofFtqRency!id aﬁﬁli_'b)?m?dfﬁﬂm BEKHzl Whethe ACPF

capaci tor I's a 350K ohm resistor he cutoff frequency is
appr oxi ratging d8Ritk$-ased\whére it of@ chip, such a large R2 would introduce improper

loading at the input of the AC coupling circuit. Therefore, a matching transistor R1 is
connected in front of C1 so that the input impedance of the AC coupling circuit is maintained
at 50 ohm. A source follower circuit follows the high pass filter, with the output of the high
pass filter connected to the gate of N1 and N2 is used as a current sink. This source follower
circuit is used to boost the current of the AC signal after the high pass filter stage. A bypass
capacitor C2 is connected to the gate and the source of N1. This bypass capacitor C2 is used
so that a high frequency AC signal will not go through N1 but go directly to the input of the
IC, in this example the IC is a differential amplifier. This bypass capacitor C2 is added
because, at high frequencies, the propagation delay through N1 may otherwise distort the AC
signal. The bias voltages at one end of R2 and at the gate of N2 can be adjusted for optimum
operation of the AC coupling circuit.

Although an on-chip AC coupling circuit according to the present invention uses more
active and passive components than an external AC coupling circuit of the prior art,
advantageously, the physical dimensions of an on-chip AC coupling circuit according to the
teachings of the present invention is much smaller than used in the circuits of the prior art.
The capacitors used in a circuit according to the teachings of the present invention is in the

range of 1-2.5 pF, whereas capacitors used in the circuits of prior art are in the range of 10-20
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coupling cirucit is used at the input of a chip, such a large R2 woul d

i ntroduce inproper loading at the input of the AC coupling circuit.

Ther ef or ewoOa3fsaedhi ng transistor RL is connected in fronPCofUSE/osmes t hat

t he i nput inpedance of the AC coupling circuit is maintained at 50 ohm A

source follgwer circuit, follows the hi ass filter, with the oyt put of
the hi gitF- gdusredpetionis sigrmakest ppgsplfds gaéfl@ats@nr@ SOHPIRE Sgi SRdhtRe o
current (Si hS: I ' hieol ent of
T S e b R
connect eAiC toupling ojpat neakd thehevesalLideeceohoid comfact itkgoanakes dipaleCB ovhe@2thies
used sq.t.hat a hi frequency AC signal. wll. not. go through N_but go
directl Ctlf)mt%tepﬁ’gﬂ?ssﬁpg’tpﬁ%‘ %Idé,asﬁeﬁ%t‘f?ﬁgne%&a @n%ﬁssnf’és‘? gjr g’edﬁdfollser enti al
ampl i fi gmprohelis bypass capacitor C2 is added because, at high frequencies,

the propagati on delay through NI may otherw se distort the AC signal. The
bi as vol t agesScatrabergupongnisfoiRa oarrhimAC douplhag eirafit ¢iF1baA che batiplacee withor

opti mum ration.of the AC coupli ireuit. Al thoygh an an-ch A

b upt R e iRl leP gt S gahe Riefib iy be e ok Ao 2ie R P S T, g
passi Ve tFANBRRCINC it fRSodfte Fll @t alircAENIGHAI N D garChd eplabedby bip6lap furtioRr t ,
advant ageously, the physical dinmensions of an on-chip AC coupling circuit

accor di Agnsistorh@IT.c Adde, Prggesistox Ra cpi be eaplaced a4 lopS changgb PMOPeiransistarhan

used i .natdg e kcLﬁaWetassi IlalI ﬂﬁctﬁ)&ft a%ra Rliktor bﬂ?%oﬁf’d“[?e%ha{ &nﬂ?e?q%éige fhafi LUl t
according to the teachings o e present invention I1s In the  range of
1- 2. 5 pBRs50kbamaesisoapiasit. ohaddied, the diffeeatial ampliieods used oy arpgxiempiay [0 i he
range of 10-20_ 4 W) 03/081639 PCT/ US %/ 08068 . nF.. This re&a’ucti on, is. size
makes i tF1gh @5 Bieeonrehip Affr PoURIIBE SHOWECLBE Brosrf IBYFIEIP caRe a¢aAPHd towaisnt
occupyi REua é)alr@e area of space on the sem conductor substrate. Not only
does this coupling circuit nmake the overall device nore conpact, it
al so makes t HesHGR] bdrenderdibrel thhiGhe sbormudeseptom it esly repnemngativaod ilbwiatve t o

design, and the ti esponse for.the I.Cis _inproved, Several conponents
of an oIS CBUNE RVERIFBER T BF eaeh te 2aNE HERCrRHP A CEIoQH e MGt hor

devi ces r%&éﬁ%ﬁv@@ﬂzﬁmmfﬁuwsﬁb@ baath Qi@ lal shinpRf thhitBa ¥R prin€ipleWithe FOT
exanple, the transistors used in the source follower circuit N and N2 can
be repl avewdtioy. Bhpdewripfiombas i attempiedite exirwstiRITnunatrets alliessiblesi st or R2
can be rv%%'a 181%q 'Ivl\fa% Eﬁte%’lélltg 0fib6 1%1%?1% mapywl% hta{fc‘;fl ggénsﬁrgsrented for a specific portion of

the invention, or that further undescribed alternate embodiments may be available for a

portion, is not to be considered a disclaimer of those alternate embodiments. One of ordinary
skill will appreciate that many of those undescribed embodiments incorporate the same

principles of the invention and others are equivalent.
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adapted to have a simlar function as a resistor, but would be nmuch snaller
in size than the 350k ohmresistor shown. In addition, the differenti al
anplifierwD930883 as an exenplary ICin FIG 4, as the onPchiysoa@oeoupl i ng
circuit of the present invention can be adapted to function wth any IC
It should be understood that the above description is only representative
of illustrative enbodinents. For th€LAdM%ni ence of the reader, the above
descri pt sed on a representative sanple of all possible

enbodi newﬁﬁlpgﬁlsrg%?pge that teaches the principles of the invention. The
description Has nAn efetteorit edctibcamprésinsd:i vel y enunmerate all possible

vari ations. That alternate enbodi rents may not have been presented for a
speci fic por t3 BReleFhiPCREIPISHENt i on, or that further undescribed alternate
enbodi nents may be; avalajnzaﬁgﬂglgC for a portion, is not to be considered a

di scl ai mer of thosé alternaté enbodiments. One of ordinary skill will
appreci ate that mjajy ofahlgb@essm@mwbeommﬁmgiaMttcapacdtonambmmwpmth‘élesane
principle of the |nve ti.on an are equivalent. 5 WO 03/081639

PCT/ USO3¥ T@f_ﬂff%ﬁt FHatOlPse gdgtlog { 1. An electronic circuit

conpri si ng: a singl e cfddRr&OBRbwer cﬁﬂ:uﬁ)coﬁﬂe& Wﬁh%mé})%a%s e ciRASakd | t er
circuit conprising a first capacitor and an out put hi gh- pass filter

circuit being courﬂ)ed teobyplass ¢appeitor, c) a source fol lower circuit coupled to

st capmenn gt bE e sagiiht ol s bived cPRS H BB Ao MBSLEIR T o (o°

about ZﬁoﬂﬁﬁpFQﬁQ@ﬁbﬁm@e 2. The electronic circuit of claim1 wherein
the single chip circuit includes a field effect transistor. 3. The
electronic circuit of claim?2 wherein the field effect transistor is

di sposed 2. The electronic circuit of claim 1 wherein the single chip circuit includes a field

effect transistor.

3. The electronic circuit of claim 2 wherein the field effect transistor is disposed

to act as a current mirror.

4. The electronic circuit of claim 2 wherein the field effect transistor is part of

the source follower circuit.

5. The electronic circuit of claim 1 further comprising an impedance matching
resistor.

6. The electronic circuit of claim 1 wherein the single chip circuit includes a
bipolar transistor.

7. The electronic circuit of claim 1 further compl‘iéing a long channel PMOS

transistor configured to act as a resistor.

8. An alternating current coupling circuit comprising:
a chip located within a chain of differential amplifier circuits having thereon
a) a filter circuit, having an output, the filter circuit being constructed to

filter out a direct current component in a low swing alternating current (AC) signal; and
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to act as a current mrror. 4. The electronic circuit of claim2 wherein
the field effect transistor is part of the source follower circuit. 5. The
el ectroniwoaBogsds of claim 1 further conprising an i nped®cTaSOR086$ ng
resistor. 6. The electronic circuit of claim1 wherein the single chip

circuit includes bi pol ar transistor..7. The electronic circuit of claim
1 further conprisifg a ar%ﬁff“&ﬁ‘&ﬁﬁl‘é’?r%COPP%HE‘?E"(%FOE@H‘WG'E‘F%@’E’@‘%M as a

resi St Ol i bR Relci A& FHEMRNACGAYRL i ng circuit conprising: a chip
| ocat ed avT\Illmt{i in § chaian of differential anplifier circuits having thereon a)

a filter circuit, having an output, the filter circuit being constructed to

(AO) " si gnal - hind " oL T6ay a8 GS0CRCT RIS BRtan oA o BaF ROt PRI 1 or
circuit, eetr@ft dnprites 8 phiP 6 NMIOBhRntikloter, that anplifies a current
associated with the AC signal. 9. The alternating current coupling circuit

of claim8 wherein the current anplifier circuit conprises a pair of NMOS

transi stors. ,10. e ternating .current .coupld jreuit of claim8

wherei n the citp rUFcEr PRkt st PR s Re Bk Bl g

capaci t anelad&fat RREVWRRaphitdls é4eh Hadingldpacitabee PfbetwWeen about 1pF to about 2.5
pF.




